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EXECUTIVE SUMMARY  
Green Infrastructure for Texas (GIFT) is a program of the Texas A&M AgriLife Extension 

Service (AgriLife)  with the Texas Community Watershed Partners. The GIFT program works to  

demonstrate a range of green infrastructure (GI)  practices, aimed at reaching individual 

property owners, large scale undeveloped lands, and decision makers in the Galveston Bay 

watershed. The activities funded by this contract have helped to advance the knowledge and 

usage of ecological restoration and stormwater wetlands as GI practices. This project consisted 

of two primary components , 1. Vegetation Monitoring at the Sheldon Lake State Park (SLSP) 

restored freshwater wetland project site; and 2. Stormwater wetland demonstration sites and 

project development.  

Stormwater wetlands are gaining traction as a best management practice in the Lower Galveston 

Bay watershed and throughout Texas. This contract allowed AgriLife staff to increase the 

knowledge base, establish new partnerships, and empower more entities to begin using 

stormwater wetlands in their communities.  

Quarterly vegetation monitoring for th e SLSP project allowed for additional data collection. This 

data, combined with previously collected data, suggests the SLSP restoration is on a successful 

trajectory . The data presented will better inform management of ongoing and future wetland 

restorations in the Galveston Bay watershed. 

 

INTRODUCTION  
GI is an approach to managing stormwater that uses nature-based solutions and is applicable on 

a variety of scales, from a lot with an individual home, to a thousand-acre park, and every scale 

in between.  

As communities in the lower Galveston Bay watershed, and across the State of Texas struggle to 

manage increasing populations, increasing impervious surface cover, and large rain fall events, 

GI is a solution that is gaining ground. Success of projects like Exploration Green that protected 

homes from flooding during Hurricane Harvey, and the Sheldon Lake State Park freshwater 

wetland restoration that re -created over 400 acres of lost wetland habitat and replaced countless 

ecological services, continue to draw interest from communities both large and small.  

The activities funded by this contract have helped to advance the knowledge and usage of 

ecological restoration and stormwater wetlands as GI practices. Building partnerships to 

advance current and develop future projects, managing and expanding an educated and 

committed volunteer base, establishing on the ground demonstration projects, and collecting 

vital data long-term data on projects, were all activities funded under this contract.  

 

PROJECT SIGNIFICANCE AND BACKGROUND 
Freshwater wetland restoration began at SLSP in 2003 . Since that time, four additional phases 

have been restored with the completion of Phase 5 in 2018. Altogether, 410 acres of agriculture 

land have been restored to the coastal prairie ï freshwater wetland complex that existed there 

some 100 years ago. In 2013, in partnership with the Texas Parks and Wildlife Department  

(TPWD), AgriLife Extension staff developed a vegetation monitoring protocol for Phases II and 

III of the SLSP project. This contract continued quarterly data collection for Phases II and III, 



and established data collection for Phases IV and V which were completed during the contract 

timeframe. Coastal Prairie wetlands such as the ones at SLSP are disappearing at an alarming 

rate due to development pressure. Restoration is one key strategy in reclaiming this lost 

resource, however we must be able to measure the success of these projects and adjust the 

methods for future projects to ensure we are using the best possible restoration protocols. 

Studies such as the one funded by this contract are essential to assessing the wetland plant 

community and  creating long-term data sets to help understand community change over time.  

Another method of creating wetland habitat is through the construction of stormwater wetland s. 

While the design and intent of these two wetlands are different, at the most basic level they have 

the same components: wetland soils, hydrology, and vegetation. The TCEQ identifies those 

water bodies that do not meet assigned water quality standards as impaired. The majority of the 

bayous and streams in the Houston-Galveston region are considered impaired for high levels of 

bacteria. Studies have shown that stormwater wetlands are effective at removing nuisance 

bacteria as well as other pollutants including nutrients, hydrocarbons,  and sediment. A well-

designed stormwater wetland can also mitigate flooding by holding stormwater and releasing it 

downstream over time. As interest in this best management practice grows, so does the need for 

educational and science backed design criteria including plant selection, residence time, outfall 

design, and flood mitigation value. This contract supported development of stormwater wetland 

demonstration projects, which included p artnership development, outreach, education, wetland 

plant propagatio n, and volunteer coordination.  

 

METHODS 
Vegetation Monitoring  

The vegetation monitoring protocol was updated using the initial 2013 AgriLife -TPWD design. A 

Trimble Geo5T Handheld with a navigational accuracy of ±3 inches was purchased for this 

update. The additional accuracy of the global positional system (GPS) device allowed for easier 

discernment of vegetation plots within the geodatabase. The Trimble unit also allowed for digital 

data collection, as paper data collection sheets were not used for this project.  

Quality assurance (QA) was performed in the field to ensure that field staff (both paid and 

volunteer) were executing the protocol correctly. Field duplicates were performed for a subset of 

plots, where two separate individuals assessed vegetative cover classes. This ensured accuracy of 

all data collected. Finally, in office quality control was executed on data, assessing both the 

digital data and paper duplicates.  

Wetland restoration p hases 1, 4, and 5 at SLSP were monitored seasonally from Winter 2018 to 

Fall 2019. Within each 1x1m2 plot, individual species were identified and assigned one of six 

cover classes (0 ï 4%, 5 ï 29%, 30 ï 69%, 70 ï 94%, 95 ï 99%, and 100%). A volunteer botanist 

identified any unknown species encountered. Data were analyzed for species constancy to assess 

species distribution within the plant community; species abundance to understand how plentiful 

individual species are within the wetland; and species richness, or the number of individual 

species in an area of interest. These three indicators allowed AgriLife staff to assess restoration 

success across all phases of the restored wetland.  

The full field sampling methods can be found in the Comparative Study in Appendix 1.  

 



Stormwater Wetlan ds  

A variety of methods were used to complete the stormwater wetland project development and 

demonstration tasks.  

One on one meetings were held with prospective partner organizations, these frequently 

included site visits to completed projects or to potential project sites. For projects like H ouston 

Botanic Garden and Exploration Green  that progressed into the design and construction phases, 

AgriLife staff worked to coordinate with project partners through additional meetings and site 

visits. At these meetings AgriLife staff worked to ensure proper design and construction of the 

wetlands including water depths, flow patterns, wetland planning areas, and outflow structures.  

Educational programs non-technical groups and the general public were held to foster 

community knowledge and buy in to the purpose and benefits of stormwater wetlands. Power 

point presentations, hands-on activities, fact sheets, flyers, and site tours were all tools used to 

engage stakeholders.  

Finally, investing in volunteers was essential to maintain and expanding the educated volunteer 

base for the stormwater wetland program. Workdays were held regularly on Thursdays 

throughout the project period where AgriLife staff worked with volunteers to complete a variety 

of tasks at the established wetland plant nurseries at EG and GCBO including weeding existing 

potted plants, splitting and re -potting plants that had outgrown their containers, and preparing 

for planting events. In addition, volunteers collected new plant material from local site s, 

removed invasive species and litter from completed projects, and served as mentors for youth 

and one-time volunteers at larger planting days. A majority of the regular stormwater wetland 

team volunteers are certified Texas Master Naturalists; therefore AgriLife staff gave 

presentations about ongoing projects at chapter meetings and training classes to foster the 

partnership with these groups.  

 

RESULTS AND OBSERVATIONS 
This project furthered the understanding of the vegetative progress of restored freshwater 

wetlands in Texas. Studying the different project phases at SLSP allowed a snapshot in time for 

each restoration stage. During the same growing season, data collected across the phases 

represents a time span of 14 years (Phase 1 was planted in 2005 and Phase 5 in 2019) giving a 

unique perspective of the progression of restoration and insight into changes in freshwater 

wetland plant communities over time.  

This project also served to expand the use of stormwater wetlands as a best management 

practice in the Lower Galveston Bay watershed. Five partnerships were formed or continued 

during the course of this project, and new audiences reached.  Two stormwater wetland projects 

were designed but not completed due to changes in leadership and priorities in the partner 

communities. Volunteers were engaged throughout the course of the project, providing a 

valuable labor force to maintain wetland plant nursery stock as well as plant the constructed 

wetlands.  

 

 

 



TASK 1: PROJECT ADMINISTRATION  

Objective : To effectively administer, coordinate, and monitor all work performed under this 

Contract including technical and financial supervision and preparation of status reports.  

Output:  

¶ Project Work;  

¶ QPRs; 

¶ Reimbursement forms;  

¶ Contract communication meeting minu tes; and  

¶ Project Article  

Outcome:  Project completed on time and on budget, and all deliverables were accomplished 

with benefits to many communities and stakeholders in the Lower Galveston Bay watershed.  

TASK 2: QUALITY ASSURANCE  

Objective:  To refine, document, and implement data quality objectives and Quality 

Assurance/Quality Control (QA/QC) activities that ensure data of known and acceptable quality 

are generated by this project.   

 

Output:  

¶ Draft and Final Approved QAPP  

¶ QAPP Annual updates 

¶ QAPP amendments 

¶ QAPP con-conformances reports  

Outcome:  A comprehensive quality assurance plan was developed and executed for wetland 

vegetation data collection and analysis at the SLSP project site.  

 

Task 3. Proposed monitoring regime for Sheldon Lake State Park freshwater 
wetland restoration sites  

Objective: To collect vegetation cover data from designated areas within restoration sites and a 

control area (no construction) to evaluate the success of plant establishment.   

Output:  

¶ Monitoring protocol  

¶ Comparative study report  

¶ Collected data  

 



Outcome:  Vegetative monitor ing was completed for state fiscal quarters 3 and 4 during 

FY2019 and quarter 1 of FY2020. Results are provided in the Comparative study provided in 

Appendix 1.  

Task 4. Stormwater wetland demonstration and project development  

Objective: Development and implementation of stormwater wetland projects in the GIFT 

program area.  

Outputs:  

¶ Project Partner MOUs, Engineering, Design and Site Documents 

¶ Outreach materials 

¶ Wetland plant nursery propagule counts  

Outcome : AgriLife staff worked with partners to develop stormwater wetland projects within 

the 5-county GIFT program area in both new and retrofitted detention basin s, community 

parks, and local governmentally owned property.  Table 1 overviews the five projects that were 

developed during the grant period, including the current project status. Copies of the 

Memorandums of Understanding developed with project partners are included in Appendix 2.  

 

 

Figure 1. Newly excavated stormwater  wetland ponds at Houston Botanic Garden, November 

2019. 

 



Table 1. GIFT Stormwater Wetland Projects, Partners, and Current Project status  

Project Name  Partner Organization  Current Status  

Exploration Green 
Phase 1  

Clear Lake City Water 
Authority and Exploration 
Green Conservancy  
 

Completed  

Exploration Green 
Phase 2  

Clear Lake City Water 
Authority and Exploration 
Green Conservancy  

Excavation Complete  
 
Repairs to Sand Pockets to be 
complete early 2020  
 
Planting to begin late Feb. 2020  
 

Exploration Green 
Phase 3  

Clear Lake City Water 
Authority and Exploration 
Green Conservancy  
 

Excavation 18% complete  
 
Planting to begin Fall 2020  

Brazosport College  Brazosport College  Partnership ended by new 
leadership at Brazosport College  
 

Alvin Kost Pond  City of Alvin  Partnership/ Project cancelled by 
new leadership at City of Alvin  
 

Houston Botanic 
Garden  

Houston Botanic Garden  Excavation Complete  
 
Waiting on install ation of Outfall 
Structures and final grading  
 
Planting Estimated to start in 
March 2020  
 

MD Anderson 
Houston Campus  

MD Anderson  Proton Therapy Wetland 
Completed planting in June 2019  
 
Ongoing photo monitoring  
 

 

Education and outreach is an essential effort to  adoption of new practices such as stormwater 

wetlands. For this project, outreach focus areas were volunteer workdays, email newsletters, 

presentations, publications , and consultations with interested entities or landowners .  

Volunteer workdays  were held on a weekly basis, with additional dates added during times of 

intense planting, such as the spring of 2018 for Exploration Green Phase 1. Over the course of 

the project 84 workdays were held, engaging 672 volunteers, who provided 2,326 hours of 

service.  



 
Figure 2 Volunteers planting at Exploration Green, June 2018 . 

A weekly email newsletter  was sent throughout the course of the project, with few 

exceptions. This regular contact is integral to keeping volunteers engaged and informed. Not 

only does it convey information about upcoming workdays, but it also includes project updates 

so a volunteer can stay up engaged and be more likely to return. The number of subscribers grew 

from 165 to 199 over the course of the contract period. These weekly email newsletters will 

continue after the close of this project. Links to archived newsletters are in Appendix 3.  

Presentations and publications  were conducted and produced as needed throughout the 

project. Ten presentations (including wetland tours) were given over the course of the project 

and three publications (volunteer flyer, GIFT informational postc ard, and a press release) 

produced. Copies of the press releases are included in Appendix 4.   

The final piece of the contract is wetland plant propagation . The vegetation component of 

stormwater wetlands is often a barrier for success. There are only two for profit companies in 

the Houston area that source and install native wetland plants. Though this contract, AgriL ife 

staff along with volunteers worked to increase stocks of plant species particularly appropriate 

for regional stormwater wetlands, produci ng quantities needed for large-scale planting at 

stormwater wetland projects. Current plant inventories for both the Exploration Green and Gulf 

Coast Bird Observatory nurseries are include in Appendix 5. 

 

DISCUSSION AND SUMMARY  
Through this project, AgriLi fe staff were able to move the needle on GI projects in the Lower 

Galveston Bay Watershed. Important vegetation data for the SLSP wetland project is now 

available in a report to share with other agencies and entities that are restoring wetlands and 

measuring the success of those projects. This data has also allowed AgriLife staff to assess the 

current status of the SLSP project. Our data shows that older wetland ponds are as expected, 

further along the vegetation successional gradient for a maturing wetland, however these ponds 

do not show an overwhelming higher species diversity. The close proximity of all five restoration 

phases may be contributing to younger ponds recruiting new species at a faster rate, thereby 

helping them to mature faster. Overall, dat a collected through this contract, combined with 

previously collected data suggest the SLSP restoration is on a successful trajectory. The SLSP 

restoration model can be used as benchmark for similar projects in the Lower Galveston Bay 

Watershed.  



Stormwater wetlands are gaining traction as a best management practice in the Lower Galveston 

Bay watershed and throughout Texas. Projects like this one that build partnerships and create 

on the ground demonstrations of this technology are essential to the continued adoption of 

these practices. The success of Exploration Green Phase 1 was seen during Hurricane Harvey 

when despite unprecedented rainfall, homes that had previously flooded multiple times in 

smaller rainfall events did not flood during Harvey. More and more entities are seeing 

stormwater wetlands as a flood mitigation practice and water quality benefit. This combination, 

as well as the aesthetic and recreation value of these projects, create a unique and attractive 

stormwater management practice. This contract has allowed AgriLife to increase the knowledge 

base, establish new partnerships, and empower more entities to begin using stormwater 

wetlands in their communities.  

 

NEXT STEPS  
A new ecological restoration project has begun at the Anahuac National Wildlife Refuge. Moving 

on from SLSP has been an important next step to engage additional partners and further the 

reach of GIFT. Additional restoration sites and partners will be pursued. In addition, additional 

data on the SLSP project should be collected to strengthen the long-term data set and to follow 

the succession of wetland vegetation over time. This information will continue to inform 

restoration protocols at other sites.  

Immediate next steps for stormwater wetlands include planting the project s ites at Exploration 

Green Phases 2 & 3 and Houston Botanic Garden. In addition, water quality sampling (funded 

by a Texas General Land Office Coastal Management Program grant) will continue at MD 

Anderson and Exploration Green Phase 1 during 2020. Extension staff will continue to engage 

new project partners and seek additional on the ground projects. Extension staff are also looking 

to fund a how-to guide for stormwater wetlands with specific recommendations for the various 

regions of Texas. Resources such as this would go far in empowering additional entities to 

embrace this GI practice.  

Finally, for both programs, a wetland plant nursery how -to guide that includes pond design and 

maintenance, vegetation growing information, and best practices would be beneficial for other 

groups who want to cultivate wetland plants for their projects.  
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Appendix 1 ï Sheldon Lake State Park Freshwater Wetland Vegetation Monitoring Comparative 

Study. (Task 3.3) 

 

Monitoring V egetation Indicators to Assess the Success of  

Wetland Restoration 

Colleen Ulibarri, Rosemary Kline, Andy Rydzak, Paul Roling,  

Marissa Llosa, Christie Taylor, and Charriss York 

 

ABSTRACT  

Wetland restoration varies greatly with no single method working seamlessly across geographic locations 

or even different types of wetlands. Thus, measuring the progress of restoration toward an anticipated 

state is also difficult as outcomes are more like moving targets on a continuum. Given the wide range of 

approaches to restoring this ecotype and site-specific influences such as a climate, hydrology, previous 

land-use, or elapsed time since restoration, land managers are challenged to interpret the changes 

observed and discern if they on the right trajectory. This study aids to advance the knowledge base for 

freshwater wetland restoration by (1) developing a method to monitor the condition of a wetland; and (2) 

analyzing responses of the plant community to the age and success of restoration. In this study, percent 

cover was monitored as an indicator for species distribution, abundance and diversity in restored wetlands 

of varying ages in Sheldon Lake State Park from 2013 to 2019. Based on high relative richness and even 

distribution of species throughout the monitoring period, it was concluded that the restoration is on a 

manageable and expected successional trajectory. Species constancy and abundance showed the wetland 

was shifting in composition and abundance as expected, with new species appearing confirming that 

natural colonization was taking place. The study also found that the age of restoration between the Phases 

had less than the expected influence on species richness. The data presented will better inform 

management of ongoing and future wetland restorations. 

 

 

 

 

 

 

  



INTRODUCTION  

Freshwater wetlands are highly productive and ecologically valuable ecosystems that are being degraded 

at alarming rates due to human disturbance and changing climate. Ecological restoration is a method to 

increase the number of quality aces of this unique system on the landscape. Wetlands provide a 

disproportionately high number of ecosystem services compared to their surface area because they are 

transition zones ï encompassing characteristics from both upland terrestrial and aquatic environments. 

Therefore, high species richness and diversity can be used as a goal for restoration projects. 

Restoration can be thought of as assisted changes in a plant community toward a desired successional 

state (Luken 1990, Young et al. 2001). Progress toward the target ecosystem has been used to measure the 

success of restoration efforts (Holl 2002, McLachlan & Bazely 2003). Therefore, routine monitoring of a 

wetlandôs condition is critical to understanding the trajectory of succession and thus the progress of 

restoration. Given the high diversity of natural wetlands, we monitored species distribution, abundance 

and richness of wetland vegetation as a proxy to assess the condition of a restored wetland complex and 

the success of the restoration methods. 

Restoration managers are interested in observed changes after restoration and how quickly they occur 

(Newbold et al. 2019). This study looks at the changes observed in vegetation due to seasonality and the 

age of restoration, or unattributed variability due to the stochastic nature of succession. Also, the 

monitoring protocol developed can be used as a template and offer lessons learned to improve future 

restoration monitoring regimes. 

Site Description  

The study site is 410 acres of restored freshwater wetland and coastal prairie located within Sheldon Lake 

State Park in Houston, Texas. Historically, the area was a complex of native prairie-pothole wetlands that 

were drained and leveled for farming St. Augustine grass (Stenotaphrum secundatum) and Bermudagrass 

(Cynodon dactylon) among others through time. The area was acquired by Texas Parks and Wildlife in 

1952, becoming a public state park in 1984. Restoration of the tall grass prairie and freshwater wetlands 

began in 2003. The historic location of the prairie-pothole wetlands was identified by reading soil 

signatures on 1930ôs aerial photography. Basins were then excavated where hydric soils were confirmed 

by sampling soil cores. Restoration occurred in five phases over 16 years in different parts of the park. 

Thus, active restoration (i.e. planting) was completed at different times for each Phase (Table 1).  

 

METHODS 

Seasonal vegetation monitoring was conducted between 2013 and 2019 to assess changes in plant species 

distribution, abundance and diversity. Phases 2 and 3 were monitored annually in the Spring between 

2013 and 2019 (Table 2). Phases 1, 4, and 5 were monitored seasonally from Winter 2018 to Fall 2019 

(Table 2). 

Study Design  

One pond was selected from each of the five phases for monitoring based on its size and depth. Only 

those ponds with water depths exceeding 12 inches were selected. A map of the selected ponds is 

provided in Appendix A. A stratified random design was used to select meter-square plots within ponds 

for monitoring. Approximately eight plots per acre per depth were selected (Table 1). The sample density 



was derived by analyzing preliminary data from Phase 1 in 2003 to determine variance and the necessary 

number of samples to detect significant changes with an error rate of 30%. This method was then applied 

to the remaining phases.   

ArcGIS 9.2 was used to overlay a 1x1 m2 grid on aerial images of each pond using its surveyed boundary 

when water level was at its fullest extent. Plots were assigned xy coordinates, stratified by water depth 

and then randomly selected.  

Table 1. The five phases of wetland restoration at Sheldon Lake State Park in Houston, Texas. Pond 

No. is the pond within each phase that was selected for monitoring with associated number of plots 

as determined by sample density of 8 per acre. Restoration completed is the year that active planting 

concluded for that Phase. 

 Pond No.  Size (acres) 
No. of Plots 

Monitored 

Restoration 

Completed 

Phase 1 2 3.1 24 2005 

Phase 2 11 7.3 58 2011 

Phase 3 17 12.4 98 2013 

Phase 4 24 3.4 29 2016 

Phase 5 2 6.1 50 2019 

The depth zones were determined assuming maximum water level for each pond. This assumption was 

also used when determining the planting location for each species during active restoration. Phase 2 had 

three depth zones (0-6ò, 6-12ò, >12ò), all other Phases had four zones (0-4ò, 4-8ò, 8-12ò, >12ò).   

Data Collection 

Within each 1x1m2 plot, individual species were identified and assigned one of six cover classes (0 ï 4%, 

5 ï 29%, 30 ï 69%, 70 ï 94%, 95 ï 99%, and 100%). Ocular estimation of percent cover is the most 

frequently used method for determining abundance due to its cost-effective, noninvasive, quick and 

efficient nature (McCune and Grace 2002). Staff were accompanied each time by the same experienced 

botanist for the life of the project to assist in plant identification. If a species was not identifiable in the 

field, it was recorded to the closest taxonomic rank known (e.g. Genus spp.) and confirmed upon return. 

Unidentifiable species were regarded as a unique individual and were labeled as ñUnknownò. 

Methods of data recording and navigation varied from 2013-2015 to 2015-2019. Between 2013-2015 data 

were recorded on paper sheets and plots were navigated to using a Garmin eTrex Venture HC GPS. After 

2015, the team navigated with and recorded all percent cover data directly into a Trimble Geo5T 

Handheld with a navigational accuracy of ±3 inches. Percent cover data recorded between 2015-2019 was 

therefore georeferenced.  

Data Analysis 

For the purpose of this study, two temporally different data sets were used: Dataset A, collected 

seasonally between 2018-2019 for Phases 1 ï 5; Dataset B, collected in the Spring of 2013-2019 for 

Phases 2 and 3 (Table 2). Seasonal data reflects the four seasons (winter, spring, summer and fall) within 

a three-month window (e.g. Winter monitoring was conducted between December and February).  

Table 2. The two subsets of data analyzed including phases monitored, data collection periods, and 

annual frequency of monitoring events. 

 Phase Collection Period Collection Frequency 



Dataset A 1,2,3,4,5 2018-2019 4 ï winter, spring, summer, fall 

Dataset B 2,3 2013-2019 1 - spring 

  

Species Constancy 

Constancy can be used an indicator to assess species distribution within a plant community (i.e. DeVelice 

et al. 1999, Johnson and Swanson 2005, Tart et al. 2005). It is a population attribute used to express an 

individual speciesô frequency. To account for varying sizes of ponds, constancy has been defined as the 

proportion of plots in a pond where a species was recorded (p) out of the total number of plots sampled in 

that pond (n).  

ὅ
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Constancy was calculated for each pond in Dataset A and then change was graphed over seasons. Ten 

species were selected from each pond as a subset of the total amount analyzed. The species selected were 

among the highest occurring within a one-year period. A comprehensive list of species detected within the 

wetland complex between 2018 and 2019 is provided (Appendix B).   

Species Abundance 

Species percent cover was used as an indicator for abundance in the population (Tart et al. 2005). Given 

that individual species were assigned to a cover class (i.e. range of percentages) and not an actual 

estimated percent, weighted averages were calculated to account for greater contribution of higher cover 

classes to total cover. The same subset of species from the constancy analysis was used. Seasonal change 

was analyzed in average cover by species for each pond in Dataset A. 

Table 3. Weighted factors used to calculate average percent cover for top ten most frequent species in 

Dataset A, collected between 2018 and 2019. 

Cover Class % Cover Range Weight 

1 0% - 4% 0.04 

2 5% - 29% 0.29 

3 30% - 69% 0.69 

4 70% - 94% 0.94 

5 95% - 99% 0.99 

6 100% 1.00 

 

For Dataset B, species presence and percent cover were analyzed from the Spring of 2013, 2014, 2015, 

and 2019. A representative plot from each pond and from each depth zone was chosen (e.g. three plots 

from Phase 2, and four plots from Phase 3). Within each plot, the six most consistently occurring species 

throughout the years were selected to analyze. 

Species Richness 

Richness is the number of individual species in an area of interest. The statistic is fundamental to 

measuring diversity of a population (Schulz et al. 2009). Richness was calculated for Dataset A (2018-

2019) at two different spatial scales: alpha (Ŭ) and gamma (ɔ). 



Alpha richness was calculated as the total species encountered within a season within a pond (Sheason); 

and separately calculated as the sum of species observed at the pond level within 2018-2019 ( Phond). 

Gamma richness (ɔComplex) is the sum of all individual species detected between 2018 to 2019 across all 

the ponds ï the complex as a whole. 

ɻ Ὕέὸὥὰ ίὴὩὧὭὩί ὶὩὧέὶὨὩὨ Ὥὲ ὴὰέὸί Ὥὲ ὥ ίὭὲὫὰὩ ίὩὥίέὲ ύὭὸὬὭὲ ὥ ὴέὲὨ 

ɻ Ὕέὸὥὰ ίὴὩὧὭὩί ὶὩὧέὶὨὩὨ ύὭὸὬὭὲ ὥ ὴέὲὨ ὦὩὸύὩὩὲ ςπρψςπρω  

ɾ ὃὰὰ ίὴὩὧὭὩί ὶὩὧέὶὨὩὨ ύὭὸὬὭὲ άέὲὭὸέὶὩὨ ὴέὲὨί ὦὩὸύὩὩὲ ςπρψςπρω  

 

RESULTS 

Dataset A: Phases 1 - 5, 2018-2019 

Species constancy and abundance by pond 

For Phase 1 Pond 2, species constancy was relatively consistent between the seasons with little variability 

of presence (Figure 1A). Panicum hemitomon, Eleocharis quadrangulata, Pontedaria cordata, and 

Leersia hexandra were the most frequently occurring species within the pond between 2018 and 2019 

(Figure 1A). However, this trend was not true for each speciesô abundance in the plots (Figure 1B). P. 

hemitomon and P. cordata (peaking at 7.5% and 4.8% respectively) had the highest average percent 

cover, while E. quadrangulata and L. hexandra had proportionally lower abundance (peaking at 2.3% and 

3.2% respectively) compared to their constancy (70% and 50% respectively).  

In Phase 2 Pond 11, E. quadrangulata, Cyperus virens, Juncus acuminatus, Azolla caroliniana, and 

Utricularia gibba were the most frequently encountered species across the seasons (Figure 2A). The other 

five species had lower constancies that were similar to one another (ranging from 15-35%; Figure 2A). E. 

quadrangulata had the highest abundance of any species (17% of total cover) within the monitoring plots 

(n = 58) during Summer 2019 (Figure 2B). A. caroliniana and Lemna aequinoctialis accounted for the 

lowest amount of coverage of the ten species. U. gibba spiked in abundance during Summer 2019 with 

9% total cover within the plots. 

Within Phase 3 Pond 17, a majority of the ten species selected had similar constancy, averaging between 

35% and 45% (Figure 3A). Alternanthera philoxeroides was the most constant species across the seasons 

while C. virens had the highest constancy in a single season (70% of the plots in Summer 2019; Figure 

3A). E. quadrangualata was consistently present in 40-45% of monitoring plots; however, when 

abundance was accounted for, the species had the highest contribution to total cover compared to any 

other species in the pond (15% average cover in plots in Summer 2019; Figure 3AB).  Andropogon 

glomeratus contributed the least to overall pond cover.  

Constancy varied between the two most frequent species and the other eight in Phase 4 Pond 24. P. 

cordata and Sagittaria platyphylla occupied the highest proportion of the 29 monitoring plots (peaking at 

69%, 69%, respectively; Figure 4A). The other species were present in relatively low proportions, not 

exceeding 34% but majority not more than 20% constancy (Figure 4A). The species abundance for the 

pond followed a similar trend, with the four most frequent species accounting for the majority of 

vegetation cover within plots and relative to other species (with the exception of open water and thatch). 

No single species provided more than 7% of total cover within the monitoring plots (Figure 4B). 



Figure 1 ï Phase 1, Pond 2 ïSpecies constancy and abundance shown for a subset of species that were among 

the top ten most frequent across the seasons. (A) Species constancy is the proportion of plots where a species 

was recorded. (B) A weighted average percent cover calculated an indicator for species abundance. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 ï Phase 2, Pond 11 ï Species constancy and abundance shown for a subset of species that were among 

the top ten most frequent across the seasons. (A) Species constancy is the proportion of plots where a species 

was recorded. (B) A weighted average percent cover calculated an indicator for species abundance. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 ï Phase 3, Pond 17 ï Species constancy and abundance shown for a subset of species that were among 

the top ten most frequent across the seasons. (A) Species constancy is the proportion of plots where a species 

was recorded. (B) A weighted average percent cover calculated an indicator for species abundance 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 ï Phase 4, Pond 24 ï Species constancy and abundance shown for a subset of species that were among 

the top ten most frequent across the seasons. (A) Species constancy is the proportion of plots where a species 

was recorded. (B) A weighted average percent cover calculated an indicator for species abundance 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 ï Phase 5, Pond 2 ï Species constancy and abundance shown for a subset of species that were among 

the top ten most frequent across the seasons. (A) Species constancy is the proportion of plots where a species 

was recorded. (B) A weighted average percent cover calculated an indicator for species abundance 



Phase 5 Pond 2 had the highest number of inconsistencies in species present across the seasons in 

comparison to the other ponds. For example, Ammania coccinea was detected in plots during the Winter, 

Summer and Fall but absent in the Spring; Heteranthera limosa and Potomogeton diversifolius were only 

present in a single season (Figure 5). There is also high seasonal variability for individual speciesô 

constancy and abundance. To demonstrate, the constancy of Eleocharis obtusa ranged seasonally between 

16% and 72% (Figure 5A). The seasonal abundance of E. obtusa varied from 0.5% to 7.2% (Figure 5B), a 

greater differential than any other species detected. 

Species richness within ponds and across wetland complex 

Species richness, or the number of individual species detected within a pond between 2018 and 2019 

ranged from 44 species in Phase 4 to 112 species in Phase 3 (Table 4). Variation in pond richness between 

the seasons was relatively low: Phase 1 had the highest differential throughout the year (20 from Winter 

2018 to Fall 2019) and Phase 2 had the lowest differential of 7 species. Total species richness across all 

ponds for the entire monitoring period was 174 unique species (ɔComplex; Table 4). 

 

Table 4 ï Species richness by season (ŬSeason) for each pond with associated number of monitoring plots (n); 

total species richness for each pond during Winter 2018 to Fall 2019 (ŬPond). Species richness (ɔComplex), or any 

species recorded in any pond making up the complex between Winter 2018 to Fall 2019.  

 Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 

n 24 58 98 29 50 

Whinter 31 52 67 21 24 

Shpring 40 59 72 25 34 

Shummer 49 59 63 30 42 

Fhall 51 54 75 28 41 

Phond 103 87 112 44 76 

ɔComplex 174     

Phond/ɔComplex 59% 50% 64% 25% 44% 

 

Phase 3 had the highest richness of 112 species detected in plots within the year; however, it was the 

largest pond sampled. Phase 1 was second highest, but when tempered for its size (24 plots compared to 

98 in Phase 3), the pond had the highest richness of all the Phases. The average number of species per plot 

in Phase 1 was 4.29 compared to 1.5, 1.14, 1.52, and 1.52 respectively for Phases 2 through 5. 

There was not a very distinct difference in species richness of younger versus older Phases when looking 

at richness alone (Table 4). In analyzing the proportion of species detected within a pond, out of the total 

number of species in the complex ( Phond/ɔComplex), the older Phases 1, 2, and 3 had higher percentages 

(59%, 50% and 64%, respectively) than the younger Phases 4 and 5 (25% and 44% of all species 

detected).  

Dataset B: Phases 2 & 3, 2013-2019 

Species composition, abundance & richness within representative plots  



Overall, species composition shifted in both ponds over the six-year period (Figures 6,7). The most 

dominant species observed within plots early on (i.e. 2013 and 2014) typically became less frequent in the 

later years, and species absent early on increased in frequency over time. 

Phase 2 

In the shallowest plot (depth 0ò ï 6ò), Ambrosia psilostachya, Iva annua, and C. virens were present (0% 

ï 4%) or covered up to 30% of the plot between 2013-2015, but were absent in 2019. Limnosciadium 

pumilum increased in abundance during 2013-2015 but was also not detected in 2019. Ludwigia palustris 

and E. quadrangulata were newly detected species within the plot in 2015 and 2019. L. palustris reached 

the highest cover class (94% - 99%) in 2015 of any species at any depth for the entire pond (Figure 6A). 

Richness was fairly consistent with little variation. 

The species richness of the 6ò to 12ò deep plot increased annually over the monitoring period from six 

species observed to ten (Figure 6B). Generally, any species present in 2015 and 2019 occurred in higher 

abundance than in 2013 and 2014. 

The species present in the deep-water plot (> 12ò) had the lowest constancy from year to year compared 

to other plots (Figure 6C). The exception was E. quadrangulata, which occurred in four out of five years 

with varying abundance, while all other species were detected in a single year with relatively low 

abundance. The highest cover class for a single species within selected plots was 30% - 69% for the 

monitoring period.  

Phase 3  

Within the shallowest plot selected for Phase 3, four out of the six selected species were first detected in 

2015 and 2019. L. pumilum and Anagallis minima were the only two recurring species between 2013 and 

2015 (Figure 7A) 

At the next depth zone of 4ò to 8ò, species provided fairly consistent coverage during the monitoring 

period, but richness spiked in 2014 (Figure 7B). C. virens was detected in 2013 and then not again until 

2019. L. pumilum was present in the plot every year, with peak abundance in 2014 at 5% to 29% 

coverage. Species richness spiked in the plot in 2014 (15 species) but was consistent at 6 species in the 

other years. 

For the plot representative of depth zone 8ò to 12ò, the highly invasive alligatorweed, Alternanthera 

philoxeroides was present between 2013 to 2015 (Figure 7C). It was not detected in 2019, however 

another aggressive-growing species broadleaf cattail, Typha latifolia, was. Species richness gradually 

declined over the period. 

Within the deepest plot, species that were present in 2013 and 2014 were absent in later years (Figure 

7D). Conversely, species detected in 2015 and 2019 were absent from the earlier two years. Richness 

remained consistent, dropping to its lowest (3 species detected; Figure 7D) in 2019



Figure 6 ï Phase 2, Pond 11 ï Change in percent cover class by species over monitoring period (annually in the 

spring, 2013 - 2019). (A-C) are single plots selected to represent each of the three depths zones in Phase 2. Percent 

cover is represented by cover class and as defined in (D). Species richness is the third axis defined as total number 

of species detected in the representative plot.  

 



 

Figure 7 ï Phase 3, Pond 17 ï Change in percent cover class by species over monitoring period (annually in the 

Spring, 2013 - 2019). (A-D) are single plots selected to represent each of the four depths zones in Phase 3. Percent 

cover is represented by cover class and as defined in (Figure 6D). Species richness is the third axis defined as total 

number of species detected in the representative plot.  

 

 

 

 


































































